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Global Under-5 Mortality Rate, 1970-2013



Wang et al. (2014) Lancet PMID: 24797572

Contributions to Change in Under-5 Deaths, 1990 vs. 2013

Factor
Change in Deaths 

(thousands) Contribution

Fertility 1,424 +24.6%

Maternal education -2,224 -38.5%

Income -902 -15.6%

Secular trend* -4170 -72.1%

Unexplained +58 +1.0%

HIV/AIDS +32 +0.6%

TOTAL -5782

* Secular trend includes: development assistance for health initiatives, health care system and 
public health policy improvements, new technologies (vaccines, drugs, ITNs,  diagnostics) 



Lozano et al. (2012) Lancet 380: 2095-2128

Global Causes of Deaths in 1-4 y/o Children (2010)



Tusting et al. (2013) Lancet 382: 963-72

Malaria Deaths and Human Development Index in Africa



Murry et al. (2014) Lancet PMID: 25059949

Global Malaria Incidence and Deaths, 1990-2013



Carter and Mendis (2002) Clin.Microbiol.Rev. 15:564-594;
Wellems et al. (2009) J.Clin.Invest. 199:2496-2505
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Malaria Death Rates in the 20th Century



Gething et al. (2010) Nature 465: 342-346

Changes in Malaria Endemicity between 1900 and 2007

1900

2007

PR < 10%

PR 10-50%

PR > 50 %

PR > 75%

PR < 10%

PR 10-50%

PR > 50 %

PR > 75%



Malaria Transmission by Anopheles

Anopheles gambiae

Ronald Ross (1857-1932)

Battista Grassi (1854-1925)

Low, Sambon, & Terzi in the Roman Campagna, 1900



Attacking Malaria Deaths in Italy

“Unum facere et alterum non omittere”
Angelo Celli (1906)

Deaths kg Quinine

“Alms for the poor, struck down in the Campagna. 1694.” 
(Photograph by M. Grizzard (2011) Clin.Infect.Dis. May 15, 2012



Success in the Panama Canal

Ancon in the Culebra Cut, 1914

 Mosquito control and quinine distribution program (40,000 doses/day)

 Reduction of malaria incidence from 800/1000 (1906) to 16/1000 (1916)

 Control of yellow fever



William C. Gorgas (1854-1920)



Impact of the 1955-1969 Malaria Eradication Campaign

“For the first time it is economically feasible for nations 

… to banish malaria completely from their borders.” 

(P.F. Russell, Man’s Mastery of Malaria, 1955)



Breakdown of the GMEP and Resurgent Malaria 

Malaria Incidence in India
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The Route to Chloroquine

• Chloroquine named antimalarial-of-choice (1945)

• Quinine and pre-chloroquine synthetic drugs

Methylene blue, 1891
(Paul Ehrlich)

Mepacrine, 1931
(atebrin; quinacrine)

Pamaquine, 1926

Chloroquine, 1936
(Resochin; SN-7618)
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Malaria Death Rates in the 20th Century
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outside sub-Saharan Africasub-Saharan Africa

chloroquine 
introduced

chloroquine resistance
spreads in Africa



Percentage Pediatric Deaths from Malaria, Mama Yemo Hospital
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Greenberg et al. (1989) Bull. WHO 67:189-196
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Chloroquine-resistant
strains enter area



Malaria Programs and Strategies 1955-2025 

Trigg & Kondrachine (1998) Bull.WHO 76:11-6; Najera (2001) Parassitologia 43 No. 1-2; Najera et al. (2011) PLoS Med. 8: e1000412; 

Alonso et al. PLoS Med. 8: e1000406; http://www.who.int/malaria/areas/global_technical_strategy/concept_note_GTS_25mar2014.pdf

1955 8th World Health Assembly adopts Global Malaria Eradication Program,
“vertical” strategy with heavy reliance on DDT spraying for aggressive mosquito 
control. Program ended in 1969 (WHA resolution 22.39).

1978 31st World Health Assembly adopts a redefined control strategy based on 
measures adapted to local epidemiological conditions and resources available 
(“stratification”). 

1992 Revised Global Malaria Control Strategy endorsed by Health Ministers in 
Amsterdam. Emphasizes disease control based on decentralized, tailored use of 
anti-transmission measures and antimalarial treatments; capacity and 
infrastructure strengthening; political commitment; community partnership. 

1998 WHO, UNICEF, UNDP and World Bank establish the Roll Back Malaria (RBM) 
partnership to scale-up resources and coverage by key interventions. 

2008 Malaria Eradication Research Agenda (malERA) convened following Gates 
Foundation Malaria Forum. RBM releases Global Malaria Action Plan.

2014 WHO Global Malaria Program (GMP) is developing a Global Technical Strategy 
for 2016-2025, to be the foundation for RBM Global Malaria Action Plan 2. 

http://www.who.int/malaria/areas/global_technical_strategy/concept_note_GTS_25mar2014.pdf


Integrated Approaches of Today’s Malaria Control Programs



The MalERA Initiative (2011 PLoS Collection)



Mosquito Transmission Control

Effective Treatments Everywhere

Rapid Diagnostic Tests

Effective Malaria Programs Requires Multiple Tools
(Interface of Molecular Parasitology and Global Health)

Malaria Vaccines



Baird (2009)  Clin.Microbiol.Rev. 22: 508-534

P. vivax Chloroquine Resistance

P. Falciparum Chloroquine Resistance

Wellems et al. (2009)  J.Clin.Invest. 119: 2496-2505



Institute of Medicine Report 2004 

recommendation:

a sustained  global subsidy of
artemisinins coformulated with
other antimalarial drugs (ACTs)

Antimalarial Drugs: Quality, Affordability, Access



World Malaria Report (2014)

Increasing Use of ACTs for Malaria Treatment



Saunders et al. (2014) N.Engl.J.Med. 371: 484-5

Dihydroartemisinin-Piperaquine Failure in Cambodia



Marker of Delayed Clearance after Artemisinin Treatment in SE Asia

Ariey et al. (2013) Nature 505: 50–55

KELCH PROPELLER MUTATIONS





MMV Supported Projects, 4Q 2014

Included in MMV portfolio post approval

Research

Miniportfolio
Novartis

1 Project
Novartis

Miniportfolio
GSK

Aminopyridines
UCT

Heterocycles 
Campinas 

Miniportfolio
AstraZeneca

Heterocycles
Celgene

3 Projects
GSK

Oxaboroles
Anacor

Tetraoxanes
LSTM/Liverpool

DHODH
UTSW/UW/Monash

Orthologue Leads
Sanofi

Open Source 

Drug Discovery
Sydney

Amino-alcohols
Merck Serono

Screening
Daiichi-Sankyo

Other Projects
15 Projects

Screening
Takeda

Screening
Eisai

Pathogen Box
MMV

Research
Lead optimisation RegistrationPhase IIa Phase IIb/III

OZ439/PQP
Sanofi

Tafenoquine
GSK

Pyronaridine-

Artesunate 

Paediatric

Shin Poong/Iowa

DHA- Piperaquine

Paediatric
Sigma-Tau

KAE609
Novartis

KAF156
Novartis

In registration

Development
Patient exploratory Patient confirmatory Phase IVPost 

Approval 

Preclinical Phase I

MMV048
UCT/TIA

DSM265
NIH/Takeda

P218 DHFR
BIOTEC

(Monash/

LSHTM)

SJ733
St Jude

(Rutgers/NIH)

MMV121
(Dundee)

Translational
Preclinical Human volunteers

OZ439/FQ
Sanofi

Rectal Artesunate 
CIPLA/Strides/TDR

Artesunate for 

injection

Guilin

Artemether-

Lumefantrine

Dispersible
Novartis

Pyronaridine-

Artesunate
Shin Poong

DHA-

Piperaquine
Sigma-Tau

1

2

3

1 Brand name: Coartem® Dispersible

2 Brand name: Artesun® 

3 Brand name: Eurartesim® 

4 Brand name: Pyramax®  

5 Brand names: CoarsucamTM, ASAQ/Winthrop® 

* First review or 

approval by WHO 

Prequalification, or by 

regulatory bodies who 

are ICH members or 

observers 

Research
Lead 

optimisation Under review *

Development
Patient 

exploratory

Patient 

confirmatory

Translational

Preclinical
Human 

volunteers

5

4

Access

Artesunate  

Amodiaquine
Sanofi/DNDi

Artesunate-

Mefloquine
CIPLA/DNDi

Sulfadoxine

Pyrimethamine+  

Amodiaquine

Guilin

PA92
(Drexel/UW/GNF)

GSK030
GSK

MMV253
(AstraZeneca)



William Trager, 1910-2005

Sherman and Simpson (2013) National Academy of Sciences

http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/trager-william.pdf

“The impact of continuous cultivation of P. 

falciparum was phenomenal. It spawned a 

renaissance of research on the immunology, cell 

biology and molecular biology of this parasite.” 

J. Exp. Med. (1941) 74:441-462

HUMAN MALARIA PARASITES IN CONTINUOUS 

CULTURE

W Trager and JB Jensen

Science (1976) 193: 673-675

http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/trager-william.pdf


P. vivax Burden: 70 – 390 million Cases Annually

Baird JK, 2009

“You can’t study something you can’t grow” (W. Trager)

• P. vivax is a pathogen of major global impact

• Drug screening and vaccine discovery depend upon non-

human primate and human infections for parasite material

• Until in vitro cultivation is solved, molecular and genetic 

progress on P. vivax will be slow and limited





Tremendously Expanded RDT use:

“The number of RDTs distributed by national malaria control programmes in the public sector has increased 
from less than 200,000 in 2005 to more than 108 million in 2012. Manufacturers surveyed by WHO for the World 
Malaria Report 2013 reported a total of 205 million RDT sales in 2012. Data received from countries reveal that 
most RDTs (78%) were used in the WHO African Region, followed by the South-East Asia Region (16%).”  
http://www.who.int/malaria/areas/diagnosis/rapid_diagnostic_tests/en/

http://www.who.int/malaria/areas/diagnosis/rapid_diagnostic_tests/en/


Wellems & Howard (1986) Patent US5130416 A;
Shiff, Premji and Minjas (1993) TRSTMH 87: 646-648

World Malaria Report (2014)



World Malaria Report (2014)

Malaria Diagnostic Tests/Distributed ACTs, Africa 2006-2013





2014: GSK Applies for RTS,S/AS01 Vaccine Regulatory Approval

The RTS,S Clinical Trials Partnership (2014) PLoS Med. 7: e1001685



Ruth Nussenzweig

Cohen et al. (2010) Human Vaccines 6: 90-96;
Crompton et al. (2010) J.Clin.Invest. 120: 4168-78

From X-irradiated Sporozoites to the CSP Vaccine (1967-2014)



Risk of Infection, Malaria and Death from P. falciparum
in African Children

400

100

200

2

1

bitten by infected
mosquitoes

bloodstream
infections

symptomatic
infections

severe
malaria

death

Greenwood et al. (1991) Parasitol. Today 7:277-81



David Kaslow (2012) ASTMH



PfAMA1-RON2

Douglas et al. (2014) J.Immunol. 192: 245-258; Wright et al. (2014) Nature  
doi 0.1038/nature13715; Chen et al. (2011) PLoS Pathogens 7: e1002199

Srinivasan et al. (2014) 111: 10311-10316 

Attacking the Complexes Critical to Erythrocyte Invasion

Basigin-PfRH5-PfRipr





Annual Mosquito Entomological Inoculation Rate (EIR) and
Proportion of Individuals Infected with P. falciparum

Smith, D.L. et al. (2005) Nature 438:492–495; Wellems et al. (2009) J.Clin.Invest. 119:2496-2505

• decreasing EIR from 200 to 100 reduces  infection prevalence by 4%

• decreasing EIR from 100 to 1 reduces  infection prevalence from 70% to 30%
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Wet-Dry Season Ecology of Malaria Mosquitoes

Dao et al. (2014) Nature 16: 387-390



P. falciparum Can Suppress Midgut Nitration and Evade Mosquito Immunity

Carolina Barillas-Mury



Distribution of Under-Five Child Mortality by Region & Income

http://www.unicef.org/media/media_40855.html

Malaria

Poverty

“Men and women were sick because they were 
poor; they became poorer because they were 

sick and sicker because they were poorer”

Winslow (1951) WHO Monograph Series No. 7



Universal Declaration of Human Rights

Article 27

(1948)

International Covenant on 

Civil and Political Rights

(1966)

International Covenant on 

Economic, Social and

Cultural Rights

Article 15

(1966)

International Bill of Rights

ICESCR commits parties to work toward economic, social, and cultural rights for 
individuals, including labor rights and the right to health, the right to education, and 
the right to an adequate standard of living.

http://en.wikipedia.org/wiki/International_Covenant_on_Economic,_Social_and_Cultural_Rights, accessed 26 Feb 2015

http://en.wikipedia.org/wiki/International_Covenant_on_Economic,_Social_and_Cultural_Rights




outside sub-Saharan Africasub-Saharan Africa

Malaria Death Rates in the 20th Century

Carter and Mendis (2002) Clin.Microbiol.Rev. 15:564-594
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Control of Malaria in PR China

• Primary health care nets

• Community Participation

• Official commitment at all levels

• Integrated antimalarial measures

• Widely available microscopical 

stations and treatment

• Provincial and regional 

intersectorial programs

• Scientific research, drug discovery

Tang et al. (1991) Southeast Asian J.Trop.Med. Public Health 22: 467-476;

Tang (2000) Chin.Med.J. 113:89-92; Zhang & Wilson (2012) PLoS One 7: e31076



Tatem et al. (2013) Malaria J. 12: 133; Qi et al. (2012) Malaria J. 11: 403

Urbanization and the Global Decrease of Malaria Transmission



Movie generated from data and software at the Gapminder web site: http://www.gapminder.org/

http://www.gapminder.org/


Breaking the Health-Poverty Trap

The Economist
October 20, 2012



http://thinkprogress.org/security/2013/12/11/3036671/2013-certainly-year-human-history/

http://www.telegraph.co.uk/history/11310456/Goodbye-to-one-of-the-best-years-in-history.html

http://thinkprogress.org/security/2013/12/11/3036671/2013-certainly-year-human-history/
http://www.telegraph.co.uk/history/11310456/Goodbye-to-one-of-the-best-years-in-history.html



